Background/Aims: This study aimed to predict sustained viral response (SVR) to low-dose pegylated interferon (PEG-IFN) plus ribavirin of elderly and/or cirrhotic patients with genotype 2 hepatitis C virus (HCV) using viral response within 2 weeks. Methods: Low-dose PEG-IFN-α-2b plus ribavirin was administered to 50 elderly and/or cirrhotic patients with genotype 2 HCV for 24 weeks. The dynamics of HCV RNA and HCV core antigen levels within 2 weeks were measured. Results: The patients' median age was 66 years. There were 21 male and 29 female patients. The median baseline HCV RNA level was 5.7 log IU/mL. Rapid viral response was achieved in 17 patients (34%), SVR in 28 (56%), and two (4%) discontinued treatment. Univariate analysis of factors contributing to SVR showed significant differences for sex, baseline virus level, and response within 4 weeks. When 40 fmol/L was set as the cutoff value for the core antigen level at 1 week, the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy for predicting SVR were 93%, 75%, 84%, 88%, and 85%, respectively. Conclusions: Low-dose PEG-IFN plus ribavirin was a safe and costeffective treatment for elderly and/or cirrhotic patients with genotype 2 HCV, and the viral response within 2 weeks was a useful predictor of SVR. (Gut Liver 2016;10:617-623) 
INTRODUCTION
As elderly and/or cirrhotic patients with chronic hepatitis C are at high risk of developing hepatocellular carcinoma, 1 antiviral therapy should be started as soon as possible. 2 Furthermore, cirrhotic patients who achieved a sustained viral response (SVR) reportedly had a marked reduction in liver-related mortality. 3 However, thus far, the standard care for patients infected with hepatitis C virus (HCV) has been based on pegylated interferon (PEG-IFN) plus ribavirin therapy, and the effects and tolerability of this regimen in elderly and/or cirrhotic patients are limited. 4, 5 However, when doses of PEG-IFN and ribavirin are decreased, such treatment becomes tolerable even for patients generally considered ineligible, such as elderly and/or cirrhotic patients. [6] [7] [8] [9] In fact, Japanese guidelines for the management of HCV recommend a decreased dose of PEG-IFN and ribavirin for treatment of cirrhotic patients. 2 Recently, some direct antiviral agents (DAAs) effective against HCV have been developed, and the first interferon-free therapy using asunaprevir and daclatasvir for patients with genotype 1 HCV, who are not responsive to, and are intolerant of and ineligible for, interferon-based therapy, has been approved for use under National Medical Insurance in Japan. 10 In addition, the safety and effectiveness of sofosbuvir plus ribavirin for patients with genotype 2 HCV has been reported. 11, 12 In the near future, some types of interferon-free, DAA therapies will be available worldwide. However, problems with interferon-free therapy include the high drug costs 13 and the induction of drug resistance after treatment failure. 14 In many countries, these safe and effective interferon-free therapies might not be available for use because of economic constraints. However, as effects of PEG-IFN plus ribavirin for patients with genotype 2 HCV are better than those for patients with genotype 1, and there is no significant difference in SVR rate between the recommendedand reduced-dose regimens, 15 this would remain a cost-effective treatment. Therefore, if low-dose PEG-IFN plus ribavirin is considered a tolerable treatment for generally ineligible patients, This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. such as elderly and/or cirrhotic patients, accurate prediction of SVR for the reduced-dose regimen becomes more important for determining an optimal treatment strategy.
With PEG-IFN plus ribavirin therapy at the recommended dose for 24 weeks in patients with genotype 2 HCV, a rapid virological response (RVR), defined as serum HCV RNA negativity at 4 weeks, is known to be the most useful predictor of SVR; 16 however, accurate prediction factors for the low-dose regimen have not been established. If an even earlier virological response can predict SVR as accurately as RVR (at 4 weeks), a trial administration of PEG-IFN plus ribavirin for 1 or 2 weeks would be a sensitive test for predicting SVR.
The aim of the present study was to determine factors predictive of SVR during low-dose PEG-IFN plus ribavirin therapy for elderly and/or cirrhotic patients with genotype 2 HCV, using viral response within 2 weeks of therapy initiation.
MATERIALS AND METHODS

Patients
This was a prospective cohort study of low-dose PEG-IFN-α-2b plus ribavirin therapy for patients with a genotype 2 HCV infection. A total of 50 elderly and/or cirrhotic patients were enrolled from March 2008 to April 2014 in Wakayama Medical University Hospital and Naga Municipal Hospital. "Elderly" was defined as more than 65 years of age. Liver cirrhosis was diagnosed clinically by imaging studies using the morphologic signs of cirrhosis from portal hypertension, such as portosystemic shunt or hypersplenism. Exclusion criteria were (1) pregnant women, women who may have been pregnant, lactating women, men whose partners were pregnant, or men whose partners hoped to become pregnant; (2) patients who used Shosaikoto (a Kampo medicine); (3) intractable heart disease; (4) renal failure or renal dysfunction with creatinine clearance <50 mL/min; (5) patients with uncontrollable psychoneurotic disorders; (6) hemoglobin (Hb) levels <10 g/dL; (7) platelet count <50,000/mm 3 ; (8) white blood cell count <1,500/mm 3 (or granulocyte count <1,000/mm 3 ); and (9) hepatic failure or cancer. All study protocols were approved by the ethics committees of the participating hospitals. Informed consent was obtained from all patients for being included in the study.
Treatment regimens
Two-thirds of the recommended dose of PEG-IFN-α-2b (PegIntron ® ; MSD, Tokyo, Japan) and a dose of ribavirin (Rebetol ® ; MSD) reduced by 200 mg from the recommended dose in Japan were used; 1.0 μg/kg PEG-IFN-α-2b was administered subcutaneously once a week, and ribavirin was given orally for 24 weeks (800 mg/day for patients weighing greater than 80 kg, 600 mg/day for patients weighing between 80 and 60 kg, and 400 mg/day for patients weighing less than 60 kg).
The PEG-IFN-α-2b and ribavirin doses were reduced or discontinued based on the following criteria: (1) if the Hb fell below 10 g/dL, the ribavirin dose was reduced (to 400 mg/day from 600 mg/day, to 600 mg/day from 800 mg/day, or to 800 mg/day from 1,000 mg/day), and if the Hb fell below 8.5 g/dL, the ribavirin was discontinued; (2) if the granulocyte count fell below 750/mm 3 or the platelet count fell below 70,000/mm 3 , the PEG-IFN dose was reduced to 0.75 μg/kg; (3) if the granulocyte count fell below 500/mm 3 or the platelet count fell below 30,000/mm 3 , the PEG-IFN was discontinued; and (4) PEG-IFN and ribavirin were discontinued if deemed necessary by the attending physician because of adverse events. The dose of PEG-IFN or ribavirin was increased back to the starting dose if cytopenia improved. If there was no improvement in hematological parameters within 4 weeks, this therapy was discontinued. Although granulocyte colony-stimulating factor (G-CSF) could be used as supplementary treatment for granulocytopenia of less than 500/mm 3 , erythropoietin was not allowed for treatment of anemia because the Ministry of Health in Japan had not approved its use.
Laboratory tests and ultrasounds
For all patients, laboratory tests and ultrasounds were performed before therapy began. Fatty liver was defined as positive hepato-renal contrast on ultrasound B-mode imaging. The amount of HCV RNA was measured using quantitative reverse transcription polymerase chain reaction (RT-PCR) (COBAS TaqMan Version 1.0 PCR assay; Roche Diagnostics, Branchburg, NJ, USA). Determination of HCV genotype was performed as reported by Simmonds et al.: 17 the amount of HCV RNA and HCV core antigen levels (Ortho Clinical Diagnostics, Tokyo, Japan) were measured simultaneously at three time points (day of therapy initiation, and at weeks 1 and 2). Serum ribavirin concentration was measured at week 2. During therapy, and up to 24 weeks after the end of therapy, quantitative HCV RNA and biochemical analyses, including blood counts, serum alanine aminotransferase, and aspartate aminotransferase, were performed every 4 weeks.
Assessment of effectiveness
During IFN therapy, RVR was defined as undetectable virus by quantitative RT-PCR at week 4 after therapy initiation. SVR was defined as follows: HCV RNA measured using the TaqMan PCR assay was negative at the end of therapy and remained negative for 24 weeks after the end of therapy. No response was defined as detectable HCV RNA at week 24 from treatment initiation or at the end of treatment. Relapse was defined as negative at the end of therapy but positive 24 weeks after the end of therapy. The virological response within 2 weeks after therapy initiation was assessed by virus level at each of the three time points indicated above.
Assessment of safety and tolerability
Patients were assessed for safety and tolerability during treatment by their attending physicians, who monitored adverse events and laboratory parameters, such as blood cell counts, every week up to week 8, and monthly thereafter. The incidence and reasons for therapy discontinuation due to adverse effects were analyzed. Adherence to PEG-IFN-α-2a and ribavirin were also assessed separately.
Statistical analysis
Therapeutic effectiveness was evaluated using an intentionto-treat analysis. Predictive factors for SVR were analyzed using a per protocol analysis that excluded patients who had discontinued therapy due to adverse events. The Mann-Whitney U test was used to analyze continuous variables. Fisher exact test or the chi-square test was used to analyze categorical variables. Multivariate analysis was performed using a logistic regression model with the stepwise method. The criterion for selecting factors for multivariate analysis was p<0.05. Each optimal cutoff value for continuous variables of SVR-predicting factors was decided by the Youden index method on the basis of the receiver operating characteristics curve. The SVR-predictability of significant SVR-contributing factors was evaluated by measuring the area under the receiver operating characteristic curve (AUC). The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy for SVR were calculated on week 1, week 2, and RVR. The p-values of less than 0.05 were considered statistically significant. IBM SPSS statistical software version 20.0J for Windows (IBM SPSS Inc., Tokyo, Japan) was used for data analyses.
RESULTS
Patients' baseline characteristics
Patients' baseline characteristics are summarized in Table 1 . There were 20 nonelderly and cirrhotic patients (40%), eight elderly and noncirrhotic patients (16%), and 22 elderly and cirrhotic patients (44%) in the present study.
Safety and tolerability
Two patients (4%) discontinued the therapy due to adverse effects. Reasons for discontinuation were severe anemia in one patient, and hyperthyroidism in one patient. The mean % adherences (mean±standard deviation) to PEG-IFN-α-2b and ribavirin among the 50 enrolled patients were 90%±15% and 83%±19%, respectively. Dose reduction or interruption of PEG-IFN-α-2b was required in 21 patients (42%) because of adverse effects including neutropenia, thrombocytopenia, and infectious diseases such as acute pyelonephritis or pharyngitis. Regular administration of G-CSF was required in two patients. Dose reduction or interruption of ribavirin because of anemia was required in 28 patients (56%). The drug dose reduction or interruption rates of nonelderly and cirrhotic patients, elderly and noncirrhotic patients, and elderly and cirrhotic patients were 65% (13/20), 63% (5/8), and 77% (17/22), respectively. The drug dose reduction or interruption rates of female and male patients were 86% (25/29) and 48% (10/21), respectively, significantly higher in female than in male patients (p=0.005).
Treatment response
RVR was achieved in 34% of patients (17/50). SVR was achieved in 56% (28/50), relapse occurred in 24% (12/50), and no response was seen in 16% of patients (8/64). RVR rates of nonelderly and cirrhotic patients, elderly and noncirrhotic patients, and elderly and cirrhotic patients were 30% (6/20), 38% (3/8), and 36% (8/22), respectively. SVR rates of nonelderly and cirrhotic patients, elderly and noncirrhotic patients, and elderly and cirrhotic patients were 60% (12/20), 50% (4/8), and 55% (12/22), respectively.
Contributing factors for SVR and prediction of SVR
Of 50 enrolled patients, 48 completed the study (excluding two patients who discontinued therapy due to adverse effects); 28 achieved SVR and 20 were non-SVR patients. Comparison of pretreatment factors between these groups of patients is summarized in Table 2 . The comparison of the SVR and non-SVR group for pretreatment factors revealed significant differences for sex and for baseline levels of HCV RNA and HCV core antigen. As levels of HCV RNA and HCV core antigen were same factors, level of HCV RNA and sex were used for multivariate analysis. Results of the multivariate analysis of significant pretreatment factors contributing to SVR are shown in Table 3 ; the baseline HCV RNA level was the only independent factor. Comparison of on-treatment factors between SVR and non-SVR patients is summarized in Table 4 . On univariate analysis of ontreatment factors contributing to SVR, significant differences were noted for virus level within 4 weeks and RVR. However, no significant differences were seen for drug adherence and serum ribavirin level at week 2. The AUCs according to significant SVR-predicting factors are summarized in Table 5 . For all significant factors, the highest AUC for HCV RNA level was at week 4 and the highest AUC for HCV core antigen level was at week 1. The sensitivity, specificity, PPV, NPV, and accuracy for SVR according to significant predictive virological factors within 4 weeks of therapy initiation are summarized in Table 6 . The accuracy for SVR of HCV RNA level at week 4 was the highest.
DISCUSSION
This prospective cohort study demonstrated the safety, efficacy, and prediction of effects of low-dose PEG-IFN plus ribavirin for elderly and/or cirrhotic patients with genotype 2 HCV infection, who are generally considered ineligible for interferon therapy; the discontinuation rate in the present study was low (4%) as compared to that (14.5%) in previous reports of interferon therapy for cirrhotic patients. 5 In terms of safety, it could be concluded that the low-dose regimen for genotype 2 HCV was well tolerated even by elderly and/or cirrhotic patients. However, it has been reported that elderly patients or patients with diabetes have a high risk of developing severe infection during interferon therapy. 18 Additionally, in our previous study of low-dose PEG-IFN plus ribavirin for patients with genotype 1 HCV, not only severe infection but also bone fractures due to falls occurred as characteristic adverse events in elderly and/ or cirrhotic patients. 8, 9 In the present study of patients with genotype 2 HCV, these characteristic adverse events did not occur. The reasons might include the shorter treatment duration than that for genotype 1 HCV, and the fact that patients were cautioned and counseled regarding prevention of these severe adverse events throughout treatment. Even when on a low-dose regimen, patients should pay attention to the possibility of occurrence of severe adverse events. The SVR rate in the present study was relatively low compared to previous reports. 19, 20 In a report of PEG-IFN plus ribavirin for patients with genotype 2 HCV infection, the reduceddose regimen was as effective as the recommended dose regimen, and it was better tolerated. 6 Manns et al. 21 reported that there was no significant difference in the SVR rate between low-dose (1.0 μg/kg) and standard-dose (1.5 μg/kg) PEG-IFN-α-2b for patients with genotype 2 HCV. Inoue et al. 22 reported that reducing both PEG-IFN and ribavirin doses had no impact on RVR and SVR in patients with genotype 2 HCV. Therefore, a one-third dose reduction (as in the report of Manns et al.
21
) may 23 The SVR rate of our previous study using the standard-dose regimen was 73%, and older age and high fibrosis marker levels were significant unfavorable factors for achieving SVR. 24 Therefore, it is presumed that the SVR rate of PEG-IFN plus ribavirin therapy for elderly and/or cirrhotic patients will be lower compared to that for nonelderly and noncirrhotic patients. The reason for the low SVR rate in the present study could be attributed to patients' characteristics such as advanced age and/or cirrhosis. With regard to the factors predictive of SVR in the present study, sex, virus level, and viral response were significant factors by univariate analysis. In the present study, the dose reduction rate of ribavirin was significantly higher in female than male patients. However, on multivariate analysis, sex was not an independent factor. The present study indicated that viral response within 2 weeks was more valuable even than RVR. The most valuable predictor for SVR in the present study was the HCV RNA level at week 4. However, the HCV core antigen assay is better than that for the HCV RNA level in terms of lower cost, convenience, and more rapid results. 25 Therefore, the HCV core antigen level at week 1 is considered as the most costeffective predictor because there were no significant differences in predictive accuracies among these significant predictive viral factors.
There are some limitations to the present study, the first being the small number of patients. Although HCV core antigen level at week 1 after therapy initiation was the most cost-effective predictor of SVR among the significant predictive factors, the pvalues for these factors were similar. In addition, although the optimal cutoff value for the core antigen level at 1 week was set at 40 fmol/L in the present study, in our previous study using a standard-dose regimen for genotype 2, 100 fmol/L was the best cutoff value. 24 The optimal cutoff value might change in a study of an increased number of patients; in order to validate the present results, large-scale prospective studies are necessary. Secondly, there was no control group in the present study.
To provide definitive evidence that the low-dose regimen for elderly and/or cirrhotic patients is safe and effective compared to the standard-dose regimen, a randomized controlled trial is desirable, but is impractical. Thirdly, interleukin (IL)-28B single nucleotide polymorphism (SNP) was not evaluated in the present study. Although it has been reported that IL28B SNP was not an accurate predictor of outcome of standard-dose PEG-IFN plus ribavirin therapy for genotype 2, 26 whether it is an accurate predictor for the low-dose regimen has not been determined.
In conclusion, from the analysis of viral dynamics within 2 weeks of therapy initiation, it was demonstrated that the HCV core antigen level at 1 week is the most cost-effective predictor of SVR to low-dose PEG-IFN-α-2b plus ribavirin therapy in elderly and/or cirrhotic patients infected with genotype 2 HCV. The HCV core antigen level at 1 week could substitute for RVR in predicting SVR; this would enable a trial administration for predicting outcome. If the high SVR rate was predicted by the viral response to a trial administration, use of the low-dose PEG-IFN plus ribavirin regimen could be considered a safe and cost-effective treatment option for elderly and cirrhotic patients infected with genotype 2 HCV.
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